




Recovery of Polymethoxylated Flavones from Shiikuwasha
（Citrus depressa Hayata）Juice by Using Solid Phase Extraction






















































Fig. 1　Structures of polymethoxylated flavones
Nobiletin: R1=R2=OCH3, R3=H, R4=OCH3
Tangeretin: R1=OCH3, R2=R3=H, R4=OCH3








ジは， Sep-pak Plus C18 cartridge（充填量360mg, 
Waters 製）および InertSep C18（C18），InertSep 
C8（C8），InertSep C2（C2），InertSep CH（CH），










水3.0ml を通液）後の Sep-pak plus C18 cartridge
に，それぞれ0.25，0.5，1.0，1.5，2.0ml を通過
させ，水2.0ml で洗浄した後，メタノール溶液（0，












ロメタン : 水（4:1），ジクロロメタン : メタノール
（4:1），アセトン : ヘキサン（6:4），アセトン : ヘ











































下， 廃 液 ） 中 に ノ ビ レ チ ン は0～10.6mg/100ml
含まれていた。その後カートリッジを洗浄した水
（ 以 下， 洗 浄 水 ） 中 に は0～1.7mg/100ml 含 有
されていた。溶出操作を行ったメタノール100%
溶 液 中 に は3.3～4.7mg/100ml 含 有 が 認 め ら れ
た。同様にタンゲレチンにおいて，廃液中には
0～7.6mg/100ml，カートリッジ洗浄水中には0
～1.2mg/100ml， 各 種 濃 度 の メ タ ノ ー ル 溶 出 液
中 に は2.5～4.7mg/100ml 含 有 さ れ， シ ネ ン セ
チ ン に お い て は そ れ ぞ れ0～1.0mg/100ml，0～








（38.5%， 直 接 分 析 区 と 比 較 し た 際 の 各 成 分 の
割 合 ）， タ ン ゲ レ チ ン で6.5mg/100ml（32.0%），
シ ネ ン セ チ ン で は0.9mg/100ml（31.1%） と な
り，カートリッジには直接分析区の各 PMF 含量

















Component 1Effluent 2Washed water 3Elution solvent 
Nobiletin 8.41 ± 0.06 (34.8) 1.70 ± 0.01 (7.0) 4.69 ± 0.18 (19.4)
Tangeretin 5.86 ± 0.02 (28.8) 1.17 ± 0.00 (5.7) 4.66 ± 0.18 (22.9)2.0 100
Sinensetin 0.82 ± 0.00 (33.6) 0.16 ± 0.00 (6.6) 0.37 ± 0.01 (15.2)
Nobiletin 8.77 ± 0.04 (36.3) 1.69 ± 0.02 (7.0) 0.55 ± 0.01 (2.3) 
Tangeretin 5.97 ± 0.06 (29.3) 1.16 ± 0 .01 (5.7) 0.32 ± 0.00 (1.6) 2.0 50
Sinensetin 0.86 ± 0.00 (35.2) 0.17 ± 0.01 (7.0) 0.08 ± 0.00 (3.3) 
Nobiletin 10.56 ± 0.07 (43.8) 1.57 ± 0.00 (6.5) n.d.
Tangeretin 7.66 ± 0.04 (37.6) 1.09 ± 0.00 (5.4) n.d.2.0 0
Sinensetin 1.00 ± 0.01 (41.0) 0.16 ± 0.00 (6.6) n.d.
Nobiletin 5.01 ± 0.32 (20.7) 1.50 ± 0.10 (6.2) 3.77 ± 0.01 (15.6)
Tangeretin 2.86 ± 0.02 (14.0) 0.91 ± 0.01 (4.5) 2.88 ± 0.02 (14.1)1.0 100
Sinensetin 0.50 ± 0.01 (20.5) 0.14 ± 0.00 (5.7) 0.33 ± 0.00 (13.5)
Nobiletin 4.55 ± 0.29 (18.8) 1.71 ± 0.01 (7.1) 0.29 ± 0.00 (1.2) 
Tangeretin 2.50 ± 0.02 (12.3) 1.04 ± 0.00 (5.1) 0.12 ± 0.00 (0.6) 1.0 50
Sinensetin 0.46 ± 0.01 (18.9) 0.16 ± 0.00 (6.6) 0.05 ± 0.00 (2.0) 
Nobiletin 4.86 ± 0.32 (20.1) 1.55 ± 0.10 (6.4) n.d.
Tangeretin 2.76 ± 0.02 (13.6) 0.95 ± 0.00 (4.7) n.d.1.0 0
Sinensetin 0.48 ± 0.01 (19.7) 0.15 ± 0.00 (6.1) n.d.
Nobiletin 0.01 ± 0.00 (0.0) 0.07 ± 0.01 (0.3) 3.31 ± 0.01 (13.7)
Tangeretin n.d. 0.02 ± 0.00 (0.1) 2.48 ± 0.02 (12.2)0.25 100
Sinensetin 0.01 ± 0.00 (0.4) 0.01 ± 0.00 (0.4) 0.35 ± 0.09 (14.3)
Nobiletin 0.01 ± 0.00 (0.0) 0.04 ± 0.00 (0.2) 0.11 ± 0.00 (0.5) 
Tangeretin 0.01 ± 0.00 (0.0) 0.01 ± 0.00 (0.0) n.d. 0.25 50
Sinensetin 0.01 ± 0.00 (0.4) 0.01 ± 0.00 (0.4) 0.05 ± 0.01 (2.0) 
Nobiletin 0.02 ± 0.01 (0.0) 0.10 ± 0.00 (0.4) n.d. 
Tangeretin 0.02 ± 0.00 (0.1) 0.03 ± 0.00 (0.1) n.d.0.25 0
Sinensetin 0.01 ± 0.00 (0.4) 0.02 ± 0.00 (0.8) n.d. 
Values are mean (mg / 100 ml) ± S.D. (n=3). Numbers in parentheses are percentage of each 
concentration of direct injection juice sample (nobiletin, tangeretin and sinensetin are 24.18, 20.36 and 
2.44 mg/100 ml, respectively).  n.d. : Not detected 
1. Sample solvents that passed through Sep-pak plus C18 cartridge  2. Water that washed Sep-pak plus 















（13.2%）， シ ネ ン セ チ ン で は0.3mg/100ml







Table 2　Concentrations of polymethoxylated flavones with extraction solvents from C18 cartridgeTable 2 Concentrations of polymethoxylated flavo s with extraction solvents from C18 cartridge
Extraction 
solvent Component
1Effluent 2Washed water 3Elution solvent 
Nobiletin 7.83 ± 0.08 (32.4) 1.14 ± 0.01 (4.7) 3.67 ± 0.04 (15.2)
Tangeretin 4.26 ± 0.02 (20.9) 0.85 ± 0.01 (4.2) 2.68 ± 0.03 (13.2)
Ethanol -water  
(6:4)
Sinensetin 0.96 ± 0.01 (39.3) 0.14 ± 0.00 (5.7) 0.36 ± 0.00 (14.8)
Nobiletin 7.99 ± 0.18 (33.0) 1.30 ± 0.03 (5.4) 3.57 ± 0.03 (14.8)
Tangeretin 3.63 ± 0.03 (17.8) 0.55 ± 0.00 (2.7) 2.77 ± 0.05 (13.6)
Acetone-
hexane-water
(9:6:5) Sinensetin 0.85 ± 0.04 (34.8) 0.14 ± 0.01 (5.7) 0.35 ± 0.00 (14.3)
Nobiletin 6.66 ± 0.02 (27.5) 1.18 ± 0.02 (4.9) 3.54 ± 0.07 (14.6)
Tangeretin 3.60 ± 0.03 (17.7) 0.63 ± 0.01 (3.1) 2.24 ± 0.02 (11.0)Dimethyl sulfoxide
Sinensetin 0.57 ± 0.01 (23.4) 0.16 ± 0.00 (6.6) 0.31 ± 0.01 (12.7)
Nobiletin 8.07 ± 0.10 (33.4) 1.41 ± 0.00 (5.8) 3.13 ± 0.03 (13.0)
Tangeretin 3.63 ± 0.04 (17.8) 0.61 ± 0.00 (3.0) 2.06 ± 0.00 (10.1)Isopropyl alcohol 
Sinensetin 0.85 ± 0.00 (35.0) 0.14 ± 0.00 (5.9) 0.27 ± 0.00 (11.2)
Nobiletin 7.77 ± 0.17 (32.2) 1.31 ± 0.10 (5.4) 3.30 ± 0.08 (13.7)
Tangeretin 3.49 ± 0.02 (17.1) 0.57 ± 0.04 (2.8) 2.14 ± 0.03 (10.5)
Acetone-
hexane-methanol 
(9:6:5) Sinensetin 0.83 ± 0.04 (34.1) 0.14 ± 0.01 (5.6) 0.29 ± 0.01 (12.0)
Nobiletin 7.70 ± 0.07 (31.8) 1.22 ± 0.01 (5.0) 3.18 ± 0.04 (13.2)
Tangeretin 4.10 ± 0.03 (20.1) 0.64 ± 0.01 (3.1) 1.79 ± 0.03 (8.8) Ethanol -water  (9:11)
Sinensetin 0.94 ± 0.01 (38.5) 0.15 ± 0.00 (6.0) 0.34 ± 0.00 (13.8)
Nobiletin 7.61 ± 0.05 (31.5) 1.37 ± 0.01 (5.7) 3.10 ± 0.02 (12.8)
Tangeretin 3.39 ± 0.00 (16.6) 0.60 ± 0.01 (2.9) 1.94 ± 0.01 (9.5) Dichloromethane 
Sinensetin 0.77 ± 0.01 (31.8) 0.14 ± 0.00 (5.5) 0.27 ± 0.00 (10.9)
Nobiletin 7.64 ± 0.08 (31.6) 1.35 ± 0.01 (5.6) 3.04 ± 0.02 (12.6)
Tangeretin 3.38 ± 0.03 (16.6) 0.59 ± 0.01 (2.9) 2.01 ± 0.01 (9.9) 
Isopropyl 
alcohol-water 
(4:1) Sinensetin 0.80 ± 0.01 (32.9) 0.14 ± 0.00 (5.6) 0.27 ± 0.00 (10.9)
Nobiletin 7.97 ± 0.03 (33.0) 1.35 ± 0.01 (5.6) 2.98 ± 0.01 (12.3)
Tangeretin 3.59 ± 0.00 (17.6) 0.59 ± 0.00 (2.9) 1.89 ± 0.01 (9.3) 
Dichloromethane-
water
(4:1) Sinensetin 0.80 ± 0.02 (32.9) 0.13 ± 0 .00 (5.4) 0.25 ± 0.00 (10.3)
Nobiletin 7.76 ± 0.19 (32.1) 1.33 ± 0.02 (5.5) 2.94 ± 0.07 (12.2)
Tangeretin 3.50 ± 0.02 (17.2) 0.56 ± 0.00 (2.8) 1.81 ± 0.02 (8.9) Acetone-hexane (6:4)
Sinensetin 0.83 ± 0.04 (34.1) 0.14 ± 0.01 (5.7) 0.26 ± 0.01 (10.8)
Nobiletin 7.86 ± 0.07 (32.5) 1.52 ± 0.01 (6.3) 2.62 ± 0.02 (10.8)
Tangeretin 3.53 ± 0.02 (17.3) 0.65 ± 0.00 (3.2) 1.72 ± 0.01 (8.5) 
Dichloromethane-
methanol
(4:1) Sinensetin 0.79 ± 0.01 (32.5) 0.15 ± 0.00 (6.1) 0.22 ± 0.00 (9.1) 
Nobiletin 6.64 ± 0.03 (27.5) 1.18 ± 0.01 (4.9) 1.39 ± 0.01 (5.8) 
Tangeretin 3.57 ± 0.05 (17.5) 0.62 ± 0.01 (3.0) 0.95 ± 0.01 (4.7) 
Dimethyl 
sulfoxide-water 
(4:1) Sinensetin 0.80 ± 0.01 (32.7) 0.14 ± 0.00 (5.6) 0.21 ± 0.00 (8.8) 
Values are mean (mg / 100 ml) ± S.D. (n=3). Numbers in parentheses are percentage of each 
concentration of direct injection juice sample (nobiletin, tangeretin and sinensetin are 24.18, 20.36 and 
2.44 mg/100 ml, respectively). 
1. Sample solvents that passed through Sep-pak plus C18 cartridge  2. Water that washed Sep-pak plus 






































るため，PH 固相抽出を行い，測定した PMF 含量
を補正して算出した値と直接分析区の含量との比較
を行った結果を Table 4に示した。
　直接分析区の PMF 含量を100% とした際に，PH
固相抽出法を用い，補正して算出した値はノビ










Table 3　Concentration of polymethoxylated flavones in eluted methanol from sorbent cartridgesTable 3 Concentration of polymethoxylated flavones in eluted methanol from sorbent cartridges 
Sorbent Component *Elution solvent ratio Sorbent Component *Elution solvent ratio
Nobiletin 1.44 ± 0.01 (4.5) - Nobiletin 1.53 ± 0.01 (4.7) 1.06
Tangeretin 1.02 ± 0.01 (6.7) - Tangeretin 1.06 ± 0.01 (7.0) 1.04C18
Sinensetin 0.13 ± 0.00 (3.5) -
C8
Sinensetin 0.14 ± 0.01 (3.7) 1.10
Nobiletin 2.77 ± 0.01 (8.6) 1.92 Nobiletin 1.29 ± 0.01 (4.0) 0.90
Tangeretin 1.67 ± 0.02 (11.0) 1.64 Tangeretin 0.62 ± 0.00 (4.1) 0.61PH
Sinensetin 0.30 ± 0.00 (8.0) 2.31
CN
Sinensetin 0.14 ± 0.02 (3.7) 1.06
Nobiletin 2.39 ± 0.01 (7.4) 1.66 Nobiletin 1.14 ± 0.01 (3.5) 0.79
Tangeretin 1.34 ± 0.02 (8.8) 1.31 Tangeretin 0.67 ± 0.00 (4.4) 0.66CH
Sinensetin 0.26 ± 0.00 (6.9) 1.93
C2
Sinensetin 0.13 ± 0.01 (3.5) 0.96
Values are mean (mg / 100 ml) ± S.D. (n=3).  Ratio of results from each sorbents / C18. 
Numbers in parentheses are percentage of each concentration of direct injection juice sample (nobiletin, 
tangeretin and sinensetin are 32.31, 15.18 and 3.75 mg/100 ml, respectively). 



















Table 4　Recovery of polymathoxylated flavones from using direct injection and using PH solid phase extraction







Nobiletin 96.07 ± 1.30 95.04 ± 1.31 98.9  1.4  
Tangeretin 43.44 ± 0.46 43.31 ± 0.85 99.7  2.0  A
Sinensetin 12.11 ± 0.20 12.23 ± 0.22 101.0  1.8  
Nobiletin 39.06 ± 0.64 38.61 ± 0.57 98.9  1.5  
Tangeretin 22.20 ± 0.19 21.96 ± 0.48 98.9  2.2  B
Sinensetin 4.80 ± 0.07 4.83 ± 0.09 100.7  1.9  
Nobiletin 31.03 ± 0.35 31.89 ± 0.59 102.8  1.9  
Tangeretin 13.64 ± 0.11 14.45 ± 0.34 105.9  2.4  C
Sinensetin 3.66 ± 0.05 3.85 ± 0.09 104.9  2.2  
Nobiletin 26.48 ± 0.34 26.59 ± 0.37 100.4  1.4  
Tangeretin 12.96 ± 0.10 13.27 ± 0.26 102.4  1.9  D
Sinensetin 3.00 ± 0.05 3.05 ± 0.04 101.8  1.3  
Nobiletin 14.13 ± 0.21 14.21 ± 0.17 100.6  1.2  
Tangeretin 6.66 ± 0.11 6.84 ± 0.16 102.7  2.3  E
Sinensetin 1.68 ± 0.03 1.72 ± 0.05 102.7  2.6  
Nobiletin 2.61 ± 0.03 2.88 ± 0.04 110.3  1.4  
Tangeretin 0.97 ± 0.02 1.12 ± 0.03 115.3  2.9  F
Sinensetin 0.28 ± 0.00 0.31 ± 0.00 110.1  1.6  
1, 2 : Values are mean (mg / 100 ml) ± S.D. (n=3).  3, 4 : Ratio (%)  
1. Direct injection juice sample  2. Using PH solid phase extraction (SPE), and was calculated using 
correction coefficient  3. Ratio (%) of results from 2. / 1. .  4. Coefficient of variation (%) of the 
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Fig.2 Relation between polymethoxylated flavones 
contents determined by direct injection method 
and solid phase extraction method. A liner 
regression is obtained at y = 0.9851x + 0.4946 for 
nobiletin, y = 0.9887x + 0.3676 for tangeretin, y = 
1.0066x + 0.0491 for sinensetin, with correlation 
coefficients of 0.9999 for nobiletin, 0.9998 for 





















Table 5　Recovery of polymathoxylated flavones from using direct injection and using PH solid phase extraction
















Nobiletin 82.72 ± 2.23 9.73 ± 0.25 0.91 ± 0.02 94.94 ± 2.50 9.4  115.1  2.6
Tangeretin 37.78 ± 1.13 4.57 ± 0.12 0.57 ± 0.01 44.89 ± 0.83 12.6  118.8  1.8A
Sinensetin 10.62 ± 0.35 1.24 ± 0.04 0.11 ± 0.00 12.76 ± 0.58 8.9  120.1  4.5
Nobiletin 39.31 ± 0.83 4.00 ± 0.10 0.39 ± 0.01 40.46 ± 1.39 9.7  103.3  3.4
Tangeretin 22.53 ± 0.53 2.28 ± 0.06 0.30 ± 0.00 23.21 ± 0.16 13.1  103.0  0.7B
Sinensetin 4.85 ± 0.09 0.49 ± 0.02 0.04 ± 0.00 5.18 ± 0.33 9.1  106.7  6.3
Nobiletin 29.35 ± 0.71 3.17 ± 0.08 0.28 ± 0.01 28.87 ± 0.75 8.7  98.7  2.6
Tangeretin 12.83 ± 0.31 1.37 ± 0.03 0.15 ± 0.01 11.73 ± 0.70 10.9  91.4  5.9C
Sinensetin 3.52 ± 0.09 0.38 ± 0.01 0.03 ± 0.00 3.71 ± 0.11 8.5  105.4  3.1
Nobiletin 26.02 ± 0.68 2.64 ± 0.06 0.26 ± 0.00 26.64 ± 0.45 9.7  102.7  1.7
Tangeretin 11.79 ± 0.30 1.17 ± 0.02 0.16 ± 0.02 12.63 ± 1.44 13.8  107.1  11.4D
Sinensetin 3.07 ± 0.10 0.31 ± 0.01 0.03 ± 0.00 3.49 ± 0.16 9.8  113.6  4.6
Nobiletin 14.28 ± 0.31 1.43 ± 0.04 0.14 ± 0.01 14.66 ± 0.77 9.8  103.0  5.2
Tangeretin 6.84 ± 0.15 0.69 ± 0.02 0.09 ± 0.01 6.99 ± 0.59 13.0  102.2  8.4E
Sinensetin 1.71 ± 0.04 0.17 ± 0.01 0.02 ± 0.00 1.73 ± 0.06 8.8  101.3  3.5
Nobiletin 2.56 ± 0.04 0.25± 0.01 0.02 ± 0.00 2.60 ± 0.12 9.8  101.5  4.5
Tangeretin 0.97 ± 0.02 0.10 ± 0.00 0.01 ± 0.00 1.07 ± 0.10 13.7  110.1  9.6F
Sinensetin 0.27 ± 0.02 0.03 ± 0.00 - - - - -
1 - 4 : Values are mean (mg / 100 ml) ± S.D. (n=3).  5 – 7  : Ratio (%) 
1. Direct injection juice sample  2. Direct injection tenfold dilution juice sample  3. Tenfold dilution 
juice sample using PH solid phase extraction (SPE)  4. 3. calculated using correction coefficient  5. 
Ratio (%) of results from 3. / 2. . (6) Ratio (%) of results from 4. / 1. .  7. Coefficient of variation (%) 
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Fig.3　Relation between polymethoxylated flavones contents 
determined by direct injection method and tenfold 
dilution sample with solid phase extraction method. A 
liner regression is obtained at y = 1.1592x － 2.816 
for nobiletin, y = 1.1883x －1.6142 for tangeretin, y 
= 1.2152x － 0.3494 for sinensetin, with correlation 
coefficients of 0.9998 for nobiletin, 0.9948 for 
tangeretin, 0.9984 for sinensetin, respectively.
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